Edible seeds and nuts can contribute to an adequate intake of protein, particularly in vegetable-based diets. However, there are relatively few reports with insufficient data regarding the protein quality of these foods, especially of edible seeds and nuts from Brazil. The aim of this study was to investigate the chemical composition and in vivo protein quality of two edible seeds (baru almond and peanut) and two nuts (Brazil nut and cashew nut) grown in Brazil. The proximate composition and the amino acid profile were analyzed. The true protein digestibility and the protein quality of these foods were evaluated by bioassay with male weanling Wistar rats over a period of 14 days, and the Protein Digestibility Corrected Amino Acid Score (PDCAAS) was estimated. Edible seeds and nuts presented high contents of proteins (16.3 to 32.3 g/100g), lipids (42.7 to 57.9 g/100g) and dietary fibers (6.5 to 14.3 g/100g). Lysine was found to be the limiting amino acid in baru almond, peanut and Brazil nut, which had amino acid scores ranging from 71% to 76%. Cashew nut had no limiting amino acid. These foods showed high protein digestibility (around 90%) except for baru almond (75%), and their PDCAAS values varied significantly (57%, for baru almond, and 90%, for cashew nut). The edible seeds and nuts grown in Brazil provide a high density of energy and nutrients and they can be used as complementary sources of proteins.
Introduction
Traditional nuts are thick dried fruits known across the world as almonds, Brazil nuts, cashew nuts and walnuts [1, 2] . Brazil is one of the largest producers of Brazil nut (Bertholletia excelsa H.B.K.) and cashew nut (Anacardium occidentale L.), which grow in the Northern and North-eastern regions of the country [3] . The Midwest region of Brazil produces the baru almond (Dipteryx alata Vog.), an edible seed from the fruit of the baru tree, which belongs to the legume species (Fabaceae family) and is native of the Brazilian Savanna [4] . The peanut (Arachis hypogaea L.), another edible seed of the legume species [1] , is very commonly consumed worldwide, including in Brazil.
Edible seeds and nuts have high contents of lipids, proteins, dietary fiber and ashes (minerals) and they have a good essential amino acids profile, usually with a slight lysine deficiency [2, 5] . However, relatively few studies have investigated the protein quality of these foods, especially the edible seeds and nuts from Brazil. These oleaginous could be important sources of protein and bioactive compounds for vegetable-based diets as well as in an ordinary healthy diet since their intake is associated with a reduced risk of chronic diseases [6, 7] .
Considering their nutritional potential, this study aimed to investigate the chemical composition and in vivo protein quality of the following edible seeds and nuts grown in Brazil: a native edible seed from the Brazilian Savanna-baru almond; an edible seed with worldwide consumption-peanut; and two traditional nuts from BrazilBrazil nut and cashew nut.
Materials and Methods

Plant Materials and Sample Preparation
The native baru fruits were collected from the West region of the State of Goiás (Midwest Brazil). The peanut (HPS variety), Brazil nut and cashew nut were purchased in Goiânia, province of State of Goiás. The baru almonds and the peanuts were roasted in an electric oven at 140˚C for 30 min [8] . The Brazil nuts were obtained raw, without the rind, while the cashew nuts were purchased in already-roasted form, the way they are usually consumed. All the edible seeds and nuts were repeatedly milled with a blender and sieved through a 60 mesh sieve. The milled seeds/nuts were used for the chemical analysis and the experimental diets.
Chemical Analyses
The proximate composition of the edible seeds and nuts was determined in triplicate and included moisture, ash and protein content evaluated through nitrogen analysis using a conversion factor of 6.25 [9, 10] ; total lipids [11] ; total dietary fiber and its fractions, soluble and insoluble [12] ; and carbohydrate content, which was estimated by difference. The nitrogen and lipid contents of the diets of the bioassay were analyzed too. The energy value of the foods and diets was estimated using the Atwater conversion factors [13] . The quantification of amino acids, except tryptophan, was performed in duplicate by acid hydrolysis of proteins and peptides [14] . Tryptophan was quantified using alkaline hydrolysis [15] . Samples were then placed in an automatic amino acid analyzer (Nicolas V; Protein Chemistry Center of the University of São Paulo, Ribeirão Preto, Brazil), and quantified colorimetrically. The Amino Acid Score (AAS) was estimated in accordance with the WHO [16] : AAS = [(mg of amino acid in 1 g of test protein/mg of amino acid in requirement pattern) × 100].
Animals and Experimental Design
The experiment was performed using 42 male weanling Wistar rats (25 -28 days old), which were randomly divided into 7 groups of 6 animals each. The animals were maintained in individual cages at a temperature of 22˚C ± 2˚C, relative humidity of 60% ± 10%, and a 12 h lightdark cycle for 17 days (3 days of acclimation and 14 days of experiment). All procedures were conducted according to the guidelines for the care and use of laboratory animals [17] , and were approved by the Research Ethics Committee of the Federal University of Goiás (Protocol no. 153/2008).
Diets and Intake Control
The rats were treated with different diets formulated in accordance with the AIN-93G [18] , and modified to contain 10% protein ( Table 1) .
The pair feeding method [19] was adopted to ensure the same energy intake among the animal groups: the baru almond diet was provided ad libitum, and the amount of food consumed was monitored daily. The reference, control, peanut, Brazil nut and cashew nut groups received the same intake as the baru almond group, corrected by the energy conversion factor for each diet (Table 1) in relation to the baru almond diet (food offered = baru almond food consumed × energy conversion factor).
The rats had unrestricted access to filtered water. The body weight of the rats was assessed every other day during the entire experimental period.
Biological Indexes
The protein quality of the edible seeds and nuts was estimated by the Protein Digestibility-Corrected Amino Acid Score (PDCAAS). In vivo true protein digestibility (%) was determined and the PDCAAS was also calculated as described by the FAO [20] , as follows: PDCAAS (%) = [AAS of the test protein (%) × true digestibility of the test protein (%)]/100.
Statistical Analysis
The results of the chemical analyses and the bioassay were compared using one-way analysis of variance (ANOVA) and the Tukey test at a 5% probability level. STATISTICA software, Version 7.0 (StatSoft, Inc., Tulsa, OK, USA) was used for the statistical analyses.
Results and Discussion
Proximate Composition and Amino Acid Score
The edible seeds and nuts studied were found to contain high amounts of proteins (especially peanut), lipids (mainly Brazil nut) and dietary fiber (particularly baru almond), and they are excellent sources of energy ( Table  2) , in line with the values reported in the literature [2, 5] . Baru almonds analyzed in this study (from the Western region of Midwest Brazil) had an amino acid score (AAS = 75%, Table 3 ) higher than that reported for the baru almonds from the East region (AAS = 35%) [21] , and lower than the value obtained for almonds from the Southeastern region of Midwest Brazil (AAS = 92%) [8] . This discrepancy among the AAS values denotes great variability in the essential amino acids profile and the protein quality of the baru almonds from different regions of the Brazilian Savanna.
The AAS values of the seeds and nuts studied ( Table  3) were higher than that those reported in the literature for the peanut (AAS = 76% vs 68%) and for the cashew nut (AAS = 103% vs 95%), while the AAS value of the Brazil nut was lower than that reported in the literature (AAS = 71% vs 78%) [2] . Ly ine was the limiting amino s acid for all the seeds and nut studied except for cashew nut, which did not show any limiting amino acid ( Table  3) . The lysine deficiency in baru almond, peanut and Brazil nut observed in our study may not prove to be a nutritional problem, since this amino acid is found in foods in the typical Brazilian diet such as beans [10, 22] .
Protein Quality
Food and protein intakes were similar in all groups of animals but were lower for the baru almond and Brazil nut groups. The cashew nut diet was more efficient than the other experimental diets in promoting weight gain in rats, but all these diets were less efficient than the casein diets ( Table 4 ). The weight gains of the reference (casein with 7% lipids) and control (casein with 15% lipids) groups were similar. The pair-feeding method was thus efficient in controlling food and energy intakes. We found peanut and Brazil nut to have the highest true protein Total intake (g) Diet digestibility, and the baru almond to have the lowest (Table 4) , and these values were close to those reported by Fernandes et al., 92% for peanut and 79% for baru almond [8] . According to the FAO [10] , the true protein digestibility of cashew nut is 85%, which was close to the value found in this study (Table 4) . Therefore, nuts and peanut showed high values of protein digestibility (around 90%), similar to that of fish protein, and the baru almond showed good protein digestibility (75%), close to that of bean protein [20] . No published data were found regarding the protein digestibility of Brazil nut. The protein quality of the edible seeds and nuts studied varied significantly, with PDCAAS values ranging from 57% for baru almond to 90% for cashew nut (Table 4) . Thus, the cashew nut has the best quality protein among these foods, mainly because of its essential amino acid profile (AAS = 103%). The PDCAAS values for cashew nut and Brazil nut had not been reported before this study and represent the protein value of these foods for human nutrition, since the PDCAAS is the recommended method for estimating food protein quality for humans [16, 20, 23] . The PDCAAS value of the baru almond found in our study (57%) was much lower than the reported value (73%) [8] . This discrepancy in the quality of the protein of the baru almond is probably related to environmental variations that determine the high bio-diversity of native plants [4] . Therefore, it is important to consider the stratification of samples in nutritional investigations of native fruits [6] . In the other hand, the protein quality of peanut was similar to that reported in the literature (PDCAAS = 69% vs 70%) [8] .
The advantages and drawbacks of the intake of the edible seeds and nuts observed in this study, especially as protein sources for humans, are shown in Figure 1 . On this basis, we recommend the inclusion of these seeds and nuts grown in Brazil in ealthy diets, especially in h vegetable-based diets, since a portion (20 g) of cashew nuts provides around 10% of the protein Dietary Reference Intake (DRI) for adults [24] . In addition, these foods contain a high density of other nutrients and bioactive compounds [5, 7] , and they can be used in different meals and dishes.
Conclusion
Edible seeds and nuts grown in Brazil provide a high density of energy and nutrients and good to high protein digestibility. Each of these foods contributes with a specific nutrient providing a health benefit: the baru almond is rich in dietary fiber; the peanut is a source of highly digestible protein; the Brazil nut provides the highest energy value and the cashew nut contains the best quality protein for humans. Therefore, we recommend making these edible seeds and nuts part of a healthy diet and as complementary sources of proteins in vegetable-based diets, especially the cashew nut.
